INTRODUCTION
============

Insomnia, characterized by difficulty in falling and staying asleep and frequently waking up during the night, is a common complaint among the general population.^[@R1]--[@R3]^ Insomnia is evidently associated with comorbidities, such as prior psychiatric disorders, circulatory diseases, and gastrointestinal diseases.^[@R4]^

Chronic obstructive pulmonary disease (COPD), a common disease worldwide, can cause considerable disability and mortality. Studies have reported that 55% to 75% of patients with COPD exhibit sleep disturbances more frequently than does the general population.^[@R5]--[@R7]^ Patients with COPD experience sleep fragmentation with frequent arousals and reduced slow wave and rapid eye movement (REM) sleep, and a lower mean overnight oxygen saturation.^[@R8],[@R9]^ Insomnia is a well-established factor that impairs the quality of life (QOL).^[@R10]^ Budhiraja et al^[@R6]^ reported that patients with COPD and insomnia have a low QOL. Patients with more severe COPD experience insomnia more frequently than patients with less severe COPD do.^[@R11]^ In addition, comorbidities such as anxiety and depression are commonly observed in patients with COPD.^[@R12]^

Patients with insomnia or sleep-related problems often seek medical help from general practitioners, who frequently prescribe hypnotic drugs.^[@R13]^ Despite improving sleep quality, these drugs involve detrimental risks, such as ataxia, falls, and cognitive impairment, in elderly patients.^[@R14]^ Patients with COPD may receive hypnotics for various reasons, including treatment for insomnia, depression, and anxiety.^[@R15]^ However, few epidemiological studies have been conducted to examine the relationship between hypnotics and adverse respiratory events in patients with COPD. Therefore, we conducted a case-control study to investigate the effects of hypnotics use, including benzodiazepines and nonbenzodiazepine hypnotics, on the adverse respiratory events experienced by patients with COPD.

METHODS
=======

Data Source
-----------

Taiwan\'s National Health Insurance (NHI) program is a universal healthcare system established in 1995. This single-payer system covered approximately 99% of the 23 million inhabitants by 2009.^[@R16]^ The National Health Insurance Research Database (NHIRD), derived from the NHI reimbursement claims, was created for research purposes. In this study, we used a subset of the NHIRD, the Longitudinal Health Insurance Database 2000 (LHID2000), which comprises the patient data from 1996 to 2011. The LHID2000 includes the original claim data of 1,000,000 beneficiaries randomly sampled from the original NHIRD. The database contains encrypted personal information, such as patient identification numbers, International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes for diagnoses and procedures, prescription drug details, dates of admission and discharge, and basic sociodemographic information, including sex and birth date. Medications were classified according to the NHI drug codes and Anatomical Therapeutic Chemical (ATC) codes. Both codes are internationally accepted drug classification systems and are coordinated by the World Health Organization Collaborating Center for Drug Statistics Methodology. This study was approved by the Institutional Review Board of China Medical University, Taiwan (CMU-REC-101-012).

Sampled Participants
--------------------

Figure [1](#F1){ref-type="fig"} illustrates the sampling scheme used in this retrospective case-control study. We extracted the claims data from the LHID2000 for the period from 1997 to 2011 for patients with COPD (ICD-9-CM codes 491, 492, and 496). Patients aged 20--85 years and newly diagnosed with adverse respiratory events (including pneumonia \[ICD-9-CM codes 480--486\], acute exacerbation \[ICD-9-CM code 491.21\], acute respiratory failure \[acute respiratory failure (ARF), ICD-9-CM code 518.81\], and cardiopulmonary arrest \[ICD-9-CM codes 799.1, 798, 427.5\]) between January 1, 2000 and December 31, 2011 were included in the case group. The date of initial adverse respiratory event diagnosis was set as the index date. The control group was randomly selected from the remaining patients with COPD and no history of adverse respiratory events and was frequency-matched with the case group according to index date, age (per 10 years), and sex. Patients treated with hypnotics (including benzodiazepines and nonbenzodiazepines) for more than 1 year before the index date and with incomplete age or sex information were excluded from the study. Finally, a total of 11,342 patients with a history of adverse respiratory events and 11,342 patients without a history of adverse respiratory events were included in the case and control groups, respectively.

![Sampling scheme used in this retrospective case-control study.](medi-94-e1110-g001){#F1}

Definition of Chronic Obstructive Pulmonary Disease
---------------------------------------------------

In the present study, COPD was diagnosed by physicians, who referred to the history of participants regarding exposure to risk factors for COPD and respiratory symptoms such as shortness of breath, chronic cough, and sputum production. The physicians may examine the patients and perform a pulmonary function test and a bronchodilator test, which yield a postbronchodilator FEV~1~/FVC ratio of \<0.7 (where FEV~1~ is forced expiratory volume in 1 second and FVC is forced vital capacity). The NHI Administration may audit the diagnosis and management codes used by the physicians and medical reimbursement specialists. Several Taiwan-based studies have demonstrated a high level of accuracy and validity associated with the diagnostic methods applied in this study.^[@R17],[@R18]^

Definition of Exposure to Benzodiazepine and Nonbenzodiazepine Hypnotics
------------------------------------------------------------------------

The primary exposures of interest were those to hypnotics, including benzodiazepines (flurazepam \[ATC code N05CD01\], nitrazepam \[N05CD02\], flunitrazepam \[N05CD03\], estazolam \[N05CD04\], triazolam \[N05CD05\], lormetazepam \[N05CD06\], midazolam \[N05CD08\], and brotizolam \[N05CD09\]) and nonbenzodiazepines (zopiclone \[ATC code N05CF01\], zolpidem \[N05CF02\], and zaleplon \[N05CF03\]). Only those participants who used hypnotics, including benzodiazepines and nonbenzodiazepines, within 1 year before the index date were included in the study. Participants who had never used hypnotics were defined as *never used*. Participants who had used hypnotics were further classified into 2 groups according to when they filled the hypnotics prescription before the index date: *active users* (≤1 m) and *nonactive users* (31--365 days).

Comorbid Medical Disorders and Respiratory Medicines
----------------------------------------------------

Information extracted from the claims data included sex, age, Charlson comorbidity index (CCI), and history of medication and comorbidities. The CCI was calculated for each participant according to the claims data for outpatient visits or hospitalizations before the index date. The CCI is a scoring system that includes weighting factors on critical concomitant diseases and has been validated for use with the ICD-9-CM coded administrative database.^[@R19],[@R20]^ Baseline comorbidities and corresponding medications were considered as covariates, including sleep disorders (ICD-9-CM codes 370.4 and 780.5), coronary artery disease (ICD-9-CM codes 410--414), congestive heart failure (ICD-9-CM codes 428, 398.91, and 402.x1), depression (ICD-9-CM codes 296.2, 296.3, 300.4, and 311), anxiety (ICD-9-CM code 300.00), alcohol-related illness (ICD-9-CM codes 291, 303, 305, 571.0, 571.1, 571.2, 571.3, 790.3, A215, and V11.3), and dementia (ICD-9-CM codes 290, 294.1, and 331.0).

Statistical Analysis
--------------------

Descriptive statistics were used to analyze demographic variables, hypnotics use, CCI, and the history of medications and comorbidities. The differences between the case and control groups were examined using the Chi-square test. Continuous variables were analyzed using the *t* test. The effects of hypnotics treatment, CCI, and the history of both medications and comorbidities on the risk of adverse respiratory events were estimated using univariable and multivariable unconditional logistic regression and were indicated as the odds ratio (OR) and 95% confidence interval (CI). The multivariable analysis was performed to adjust for potential confounders (including age, sex, CCI, and history of comorbidities). All analyses were performed using SAS statistical software (Version 9.3; SAS Institute, Inc., Cary, NC), and results were considered statistically significant when 2-tailed *P* values were \<0.05.

RESULTS
=======

Comparison Between the Case and Control Group
---------------------------------------------

Table [1](#T1){ref-type="table"} shows a comparison between the case and control groups for the demographic variables, hypnotics use, CCI, and history of medications and comorbidities. No significant differences in distributions of age and sex were observed between the 2 groups. Of the 11,342 participants in the case group, 71.6% were male and 80.4% were older than 60 years. The mean ages of participants in the case and control groups were 69.2 (±12.4) and 67.5 (±12.3) years, respectively. The case group had a higher number of users of both benzodiazepines (7.73% vs. 3.66%) and nonbenzodiazepines (13.5% vs. 4.27%) than did the control group. The CCI score was higher in the case group than in the control group. The occurrences of comorbidities, such as coronary artery disease, congestive heart failure, alcohol-related illness, and dementia, in the case group were significantly higher than those in the control group.

###### 

Characteristics of the Case and Control Groups
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Factors Associated With the Risk of Adverse Respiratory Events in the Patients With Chronic Obstructive Pulmonary Disease
-------------------------------------------------------------------------------------------------------------------------

Table [2](#T2){ref-type="table"} shows the crude and adjusted ORs for the model fitted to examine the association between potential factors and the risk of adverse respiratory events. After adjustment for potential confounding factors, the adjusted ORs of adverse respiratory events were 12.0 among the active users of benzodiazepines (95% CI, 8.11--17.6) and 10.5 among the active users of nonbenzodiazepines (95% CI, 7.68--14.2), compared with those for the patients without use of hypnotics The adjusted ORs gradually decreased to 1.33 (95% CI, 1.13--1.55) among the nonactive users of benzodiazepines and to 2.01 (95% CI, 1.76--2.30) among the nonactive users of nonbenzodiazepines. In addition, a higher CCI score and history of comorbidities, including congestive heart failure, alcohol-related illness, and dementia, were the independent risk factors of adverse respiratory events in the patients with COPD.

###### 

Factors Associated With the Risk of Adverse Respiratory Events in the Patients With COPD
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The Relationship Between Hypnotics Use and Various Adverse Respiratory Events
-----------------------------------------------------------------------------

Table [3](#T3){ref-type="table"} shows the relationship between various adverse respiratory events associated with hypnotics use. The active users of both benzodiazepines and nonbenzodiazepines exhibited a greater risk of various adverse respiratory events than the participants in the never used group did. The nonactive users of benzodiazepines showed a higher risk of pneumonia and COPD with acute exacerbation than the participants in the never used group did. The nonactive users of nonbenzodiazepines were associated with an increased risk of pneumonia, COPD with acute exacerbation, ARF, and cardiopulmonary arrest.

###### 

The Relationship Between Hypnotics Use and Various Adverse Respiratory Events
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DISCUSSION
==========

This case-control study indicated that the active users of benzodiazepines exhibited a 9.30-fold adjusted OR of pneumonia, 10.40-fold adjusted OR of acute exacerbation, 45.00-fold adjusted OR of ARF, and 18.60-fold adjusted OR of cardiopulmonary arrest compared with the participants in the control group. Vozoris et al^[@R21]^ used Ontario provincial health administrative databases, showing that elderly patients with COPD receiving benzodiazepine therapy had a 1.45-fold risk of respiratory exacerbation and a 1.92-fold risk of emergency room visits for COPD or pneumonia compared with nonusers. The discrepancy regarding the adverse respiratory risk between the present study and the Canadian study may be associated with racial differences.

The respiratory suppression by the nonbenzodiazepine hypnotics remained inconsistent.^[@R22]--[@R24]^ Therefore, we further analyzed the effect of nonbenzodiazepine hypnotics on the adverse respiratory events in the patients with COPD. In the active users, a considerable effect of the nonbenzodiazepine hypnotics on adverse respiratory events was observed: an 11.30-fold adjusted OR of pneumonia, 6.01-fold adjusted OR of acute exacerbation, 22.30-fold adjusted OR of ARF, and 7.41-fold adjusted OR of cardiopulmonary arrest, compared with the participants in the control group. The patients with COPD and adverse respiratory events had higher occurrences of comorbid medical diseases than the participants in the control group did. After adjusting for the potential covariates, use of benzodiazepine and nonbenzodiazepine hypnotics remained an independent risk factor for adverse respiratory events.

Sleep disturbances in the patients with COPD may be associated with coughing, excessive mucus production, dyspnea, and nocturnal oxygen desaturation.^[@R25],[@R26]^ Hypoventilation causes gas-exchange alteration in patients with COPD, leading to hypercapnia and hypoxemia, particularly during REM sleep when marked respiratory muscle atonia occurs. The hypoxemia can lead to more arousals and sleep disruption.^[@R27]^ Many patients with COPD may have concomitant obstructive sleep apnea syndrome, which aggravates hypoxemia and hypercapnia during sleep. Therefore, to eliminate coexisting sleep-related breathing disorders, polysomnography should be considered for patients with COPD and considerable daytime hypercapnia.^[@R27]^

Although benzodiazepines and nonbenzodiazepine hypnotics effectively improve sleep quality, they may suppress respiratory function and decrease oxygen saturation.^[@R28],[@R29]^ Previous studies have found that hypnotics suppress respiratory function by depressing the central respiratory drive, decreasing respiratory muscle strength, and increasing upper airway resistance.^[@R28],[@R30]^

Insomnia is highly prevalent in patients with COPD.^[@R6]^ Thus, managing sleep-related problems for these patients is crucial. Nocturnal oxygen supplement may improve sleep quality in patients with COPD.^[@R31]^ However, the American Thoracic Society does not recommend nocturnal oxygen therapy for isolated nocturnal hypoxemia, except in cases of hypoxemia complications, such as polycythemia or cor pulmonale.^[@R32]^ Although theophyllines may improve gas exchange and arterial oxygen saturation (SaO~2~), sleep quality may be impaired.^[@R33]^ Anticholinergic agents such as ipratropium bromide improve sleep SaO~2~ and sleep quality in patients with moderate-to-severe COPD.^[@R34]^ Clinicians may also consider nonpharmacological strategies, such as sleep hygiene, relaxation techniques, biofeedback, and cognitive behavior therapy, for patients with COPD experiencing insomnia.^[@R28],[@R35],[@R36]^

The risk of adverse respiratory events increased with the increase in CCI scores, a finding that is consistent with those of previous studies.^[@R37],[@R38]^ The CCI may be a valid tool for predicting patient outcomes. In addition, congestive heart failure, alcohol-related illness, and dementia were the independent risk factors of adverse respiratory events in the patients with COPD. These findings emphasize the importance of reducing the potential risk in patients with COPD by involving a multidisciplinary team and an integrated approach to intervention.

The population-based study' strength is to analyze the association between hypnotics and an increased risk of adverse respiratory events in patients with COPD. In Taiwan, NHI is unique and obligatory. Therefore, every Taiwanese has the medical insurance to pay the prescriptions' cost. We can have the detailed data for every study participant\'s medications. In addition, each insurant has own identification number. Therefore, we can trace and follow-up every study subject in the database. We think the analyses should be trusted due to many multivariable models were done to assure the risk to develop adverse respiratory events. Of course, there are some study limitations when we interpret these results. In the NHIRD, there are no available detailed data about the patients' symptoms (ie, evaluation of breathless and COPD). Therefore, we cannot provide COPD\'s severity according to the Global Initiative for COPD.^[@R39]^

In conclusion, we found that benzodiazepine and nonbenzodiazepine hypnotics, especially in active users (0--30 days), is associated with an increased risk of adverse respiratory events (including adverse respiratory events, including pneumonia, COPD with acute exacerbation, acute respiratory failure, and cardiopulmonary arrest) in these COPD patients. This increased risk of adverse respiratory events emphasizes that evaluating the current insomnia treatments with hypnotics for these COPD patients is necessary and important. Clinicians should keep alert of the potential risk of adverse respiratory events in these COPD patients before prescribing hypnotics. However, further studies remain necessary to prove the causal relationship.
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